The organic solar cell (OSC) is a current hot topic in the context of energy related issues in order to capture energy in an economic and environmentally friendly manner from the most abundant natural source, the sun. However, the efficiency of OSCs achieved so far is not up to the mark. Major components of OSCs are the electron acceptor material, such as fullerene, and the electron donor material, such as poly(3-hexylthiophene), P3HT. Fullerene is an ideal acceptor material but molecular level engineering of P3HT is required to enhance the efficiency of OSCs. Optoelectronic properties of P3HT can be improved by controlling the regioregularity, energy band gap, and molar mass of the polymer. Additionally, p-doping of the semiconducting polymer can also help in broadening the optical spectrum of P3HT. In this study, we propose methods for the improvement of the above-mentioned properties during the synthesis of P3HT. The main focus was the improvement of the regioregularity of the synthesized P3HT, which was achieved by polymerization of 3-hexylthiophene under an electric field for the first time. The effect of molar mass and p-doping on the band gap is evaluated systematically and theoretical predictions are confirmed by experimental results.
Introduction
Global warming and environmental pollution are major problems of the modern world. The main reason for these problems is the use of fossil fuels to produce non-renewable energy. As an alternative, solar energy is one of the most abundant renewable energy sources that can be utilized without any hazardous effects to the environment.
1,2 The manufacture of commercially available inorganic silicon solar cells involves the release of hazardous chemicals to the environment. Organic solar cells (OSCs) are an alternative to inorganic silicon solar cells, which are non-hazardous and comparatively cheap.
2,3 However, the power conversion efficiency (PCE) of organic solar cells is low compared to inorganic solar cells. The PCE of organic solar cells can be improved by chemical modication of the conjugated polymer used in the organic solar cell as an electron donor along with fullerene as an excellent electron acceptor material. 4, 5 Polythiophenes are semiconducting organic macromolecules that are environment friendly, cost-effective, easily processible and thermally stable, hence, are excellent candidates as electron donor for organic electronic devices such as OSC. 6 Poly(3-hexylthiophene), P3HT, is the most widely employed p-type donor material. However, large energy band gap ($2.0 eV) and relatively higher HOMO energy level ($5.0 eV) are the limitations associated with P3HT. Higher energy band gap hamper efficient absorption of the most part of solar radiations (red and infrared region) that is supposed to be the major reason of lower efficiency of P3HT. The maximum ux density of solar spectrum is found around 700 nm, equivalent to 1.7 eV. 7 The lowering of energy band gap of P3HT can improve the absorption efficiency. In order to improve absorption of more dense part of solar radiation, donor material (P3HT) can be modied by three means; (1) by compressing HOMO-LUMO energy levels, (2) by decreasing LUMO energy, and (3) by increasing HOMO energy. Peet et al. claimed 5.5% power conversion efficiency (PCE) by using poly [2,6- benzothiadiazole)], PCPDTBT, which is a donor-acceptor conjugated polymer. 8 This improvement of efficiency was due to lower energy band gap of the polymer, 1.46 eV. Improved efficiency was also reported by using poly [2, 7 -(9,9-dioctylcarbazole)-alt-4,7-bis(thiophen-2-yl)benzo-2,1,3-thiadiazole], PCzDTBT as conjugated polymer, which has lower HOMO energy level, À5.5 eV. 9 The efforts to improve PCE of organic a Department of Chemistry, University of Karachi, Karachi, Pakistan. E-mail: shmohiuddin@uok.edu.pk solar cell by engineering of conjugated polymers are recently summarized.
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Above-mentioned improvements in PCE were attained by utilizing completely different, complex and expensive polymers. Lower band gap can also be realized by tuning the molecular parameters such as molar mass and regioregularity of most widely employed polymer for this purpose, P3HT. Higher molar mass P3HT exhibit longer conjugation length and therefore have lower energy band gap.
11-13 Voltammetric p-type doping can also improve optoelectronic properties. The absorption spectrum of P3HT can be broadened by p-doping that allows capturing broad region of solar spectrum compared to parent neutral P3HT.
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The mobility of excitons can be enhanced by controlling regioregularity of P3HT. Several different methods are reported for synthesis of highly regioregular P3HT. 18, 19 However, these methods require sensitive and highly expensive catalysts that are not feasible for industrial production. Oxidative coupling by anhydrous ferric chloride (FeCl 3 ) is the simplest and costeffective synthetic procedure for P3HT. 20 Limitations of this method include comparatively less controlled process resulting in broad molar mass and low regioregular P3HT. However, regioregularity of the synthesized P3HT can be improved by lowering monomer concentration, temperature and slow mixing of reactants. 21, 22 Another method is post-polymerization washing with proper solvents. 22 Nevertheless, further modi-cations in the method are required for synthesis of P3HT with controlled molar mass and regioregularity. Another viable option could be application of external electric eld (EEF) for alignment of transition state intermediate during the course of polymerization. [23] [24] [25] [26] [27] The rst monomer should be converted into cationic radical under uniform EEF by transfer of electron to Fe 3+ . These cationic radicals get aligned under inuence of EEF that should allow head to tail addition of next monomer resulting in regioregular P3HT. In this study, we target controlled synthesis of P3HT with improved regioregularity by employing simple and cost-effective oxidative coupling method. Energy band gap, HOMO and LUMO energy levels of synthesized P3HT under different conditions are evaluated as a function of molar mass and pdoping. Computational simulations of relation of molar mass with energy band gap were followed by synthesis of P3HT. Density functional theory (DFT) was employed to study geometries and Frontier orbitals of P3HT. Among available quantum chemical methods, density functional theory (DFT) has shown signicant promise for monitoring changes in electronic structure. 28 In density functional theory, DFT, the energy of the fundamental state of a polyelectronic system can be expressed as the total electronic density, therefore, it is used as electron density instead of a wave function for calculating the energy, constitutes the fundamental basis of DFT. Different parameters during polymerization such as sonication, stirring, and external electric eld (EEF) were evaluated for their effects on regioregularity of the synthesized polymers. Furthermore, energy band gap are assessed as a function of molar mass and pdoping. A feasible method to reduce the energy band gap is pdoping. Electrochemical p-doping is a process of positive holes generation by electrochemical oxidation of conjugated polymer. 29 Up to the best of our knowledge, the utilization of electric eld for improvement of regioregularity of P3HT has never been reported. Molar mass of synthesized polymer was deduced by size exclusion chromatography while regioregularity is monitored by proton NMR and energy levels are examined by cyclic voltammetry and UV-vis near IR spectroscopy.
Experimental

Materials
3-Hexylthiophene (99%) and indium tin oxide (ITO) coated glass slides were purchased from Ossila, UK. Anhydrous ferric chloride (98%) was purchased from RDH, Germany. Tetrabutyl ammonium perchlorate, and acetone were purchased from Sigma Aldrich. Methanol (CH 3 OH), and chloroform CHCl 3 were purchased from Merck. Nitrogen gas (99.99%) was bought from Linde, Pakistan. All the materials were used as received.
DFT computational calculations
In the present study, DFT in combination with Becke's three parameter exchange functional along with the Lee-Yang-Parr nonlocal correlation functional (B3LYP) 36 with the 6-311G (d,p) basis set was utilized in order to calculate energy of Frontier orbitals and geometries on GaussView 3.0. 30, 31 Energies were calculated for monomer (3-hexylthiophene), trimer, tetramer and oligomers containing higher number of repeat units.
Polymerizations
P3HTs were prepared by oxidative coupling of 3-hexylthiophene (monomer) in the presence of FeCl 3 . The ratio of monomer and FeCl 3 was kept 1 : 4 in all cases (Scheme 1). As a general procedure, a reaction ask containing anhydrous FeCl 3 suspended in chloroform (CHCl 3 ) was ushed with nitrogen and sealed. The initial concentration of monomer in chloroform was kept 0.05 M in general, unless otherwise specied. The solution of 3-hexylthiophene was added slowly in the suspension of FeCl 3 with the help of a syringe. Polymerizations were carried out at room temperature for 24 h under nitrogen atmosphere. The variations in the polymerization conditions are listed in Table 1 . The resultant black reaction mixture was poured into methanol for precipitation of polymer. Aerwards, Soxhlet's extractor was used for washing of precipitates by methanol. The polymers were extracted with CHCl 3 by using same extractor. Polymer was collected aer evaporation of solvent at room temperature.
Polymerization under EEF was performed in the same setup. The monomer concentration was kept 0.05 M and reaction time was 24 h at room temperature without sonication/stirring under nitrogen. External DC electric elds of different potential (0 V, 25 V, 100 V, 1000 V) were employed. EEF was applied between two iron plates, placed parallel to each other having 1 cm distance between them, Fig. 7 . The method of purication was same as described earlier.
Characterization
An Agilent SEC instrument (innity 1200 series) equipped with an isocratic pump, manual injector, column oven and a RI detector was used for SEC analysis. A set of three PLgel columns (300 Â 7.5 mm, 5 mm, Mixed D) connected in front with a PLgel guard column (50 Â 7.5 mm) was used. The column oven was maintained at 30 C. Chloroform (HPLC grade) was used as an eluent at a ow rate of 1.0 mL min À1 . The SEC system was calibrated with narrow molar mass polystyrene standards by Polymer Standard Services (Germany). Therefore, all the molar mass values obtained by SEC analysis are relative to linear polystyrene. The data was processed by Agilent OpenLAB ChemStation. Sample concentrations were kept between 3.0 to 10.0 mg mL À1 , and 100 mL of sample solution was injected.
Proton NMR spectra were recorded on a Bruker Avance AN-500 MHz spectrometer. The polymer fractions were dissolved in CDCl 3 , and tetramethylsilane (TMS) was used as the internal standard. UV-visible-near IR spectra of P3HT fractions were recorded in the wavelength range of 200-1100 nm in CHCl 3 solutions. For spectra of solid phases, P3HT were coated by dip coating method on ITO glass slide and spectra were recorded. FT-IR spectroscopic analysis was performed for solution of polymer in chloroform in the spectral range of 4000-500 cm À1 .
For cyclic voltammetric studies, the polymer was coated on ITO glass electrode from a solution of P3HT in CHCl 3 by dip coating method. Films were dried under air at room temperature. Cell was equipped with polymer coated ITO working electrode, a platinum counter electrode, and an Ag/AgCl (0.1 M AgNO 3 in water) double junction reference electrode. 0.1 M tetrabutyl ammonium perchlorate, TBAP/acetonitrile solution was used as supporting electrolyte. Potentiostat, CH Instrument, USA, model CHI 660, was used to record voltammograms aer purging with nitrogen gas. The potential was scanned from 0 to +2 V followed by +2 to À2 V and nally from À2 to 0 V at scan rate of 100 mV s À1 .
p-Doping of the P3HT lm was conducted by voltammetry. Three different doping potentials, including 0.00 V, +1.00 V, and +1.25 V, were selected from the cyclic voltammogram of P3HT-6 and resulting polymers were assigned as undoped, partially doped and highly doped, respectively. Each polymer coated ITO glass electrode was disconnected from the potentiostat without changing the specied potential and electrode was rinsed several times with acetonitrile and subsequently dried. The resulting polymer lms were subjected to spectroscopic analysis in the range of 300 to 1100 nm. ITO glass electrode without polymer coating was used as blank.
The polymer selected for p-doping is P3HT-6. Polymer was coated on ITO glass slide from polymer solution in chloroform. 0.1 M tetrabutyl ammonium perchlorate (TBAP) in anhydrous acetonitrile was used as supporting electrolyte. Three electrodes system was composed of polymer coated ITO glass slides as working electrode, Ag/AgCl as reference electrode and platinum wire as counter electrode. All three electrodes were immersed in the solution of supporting electrolyte and a constant electrode potential of 0.00 V was applied for 1 min. Thereaer the working electrode was disconnected from the system and optical spectrum was recorded from 300 nm to 1100 nm of undoped P3HT-6. The working electrode was again connected to voltammetric system and constant potential of 1.00 V was applied for p-doping (or oxidation) and once again optical spectrum was measured in the same range. This coated polymer is assigned as partially doped P3HT-6. Same procedure was followed for doping potential of 1.25 V and optical spectrum was measured. The coated polymer is now assigned as highly doped P3HT-6. 3. Results and discussion
Synthesis and characterization
Polymerization of 3-hexylthiophene was conducted by oxidative coupling method using FeCl 3 . The method is comparatively simple and cheaper, however, this method has limited control over molar mass of polymers and their regioselectivity. In this study, we strive for better control over molar mass and regioselectivity by varying external polymerization parameters such as stirring, sonication, and EEF. The rst question about any synthesized polymer has to be the molar mass and its dispersity. One of the foremost limitations of oxidative coupling method is its limited control over molar mass and regioselectivity of the synthesized polymer. In order to evaluate effect of different external parameters on this control, polymers are analyzed by size exclusion chromatography for determination of molar mass. It is pertinent to mention here that the molar mass values obtained in this study are equivalent to linear polystyrene since instrument was calibrated with narrow molar mass polystyrene standards. As a typical example, SEC curve of a P3HT-3 is shown in Fig. 1 . The polystyrene calibration curve in the same plot demonstrates relation of elution volume with the molar mass. The molar mass data of all the polymers as obtained by SEC with regard to polystyrene calibration is given in Table 1 . The molecular nature of synthesized polymer is conrmed by FTIR analysis. All the characteristic peaks of P3HT were found in FTIR spectrum, Fig. 2 . Peaks at 2925.2 cm À1 and 3400.9 cm À1 are due to C-H vibration in the aliphatic chain of hexyl groups. The peak intensity of this peak is high due to high proportion of carbon-hydrogen bonds in the polymer. Thiophene ring can be identied by peak at 1460.6 cm À1 . Presence of C-H of aromatic ring is conrmed by a peak at 1079.0 cm À1 .
32,33
As mentioned earlier regioregularity of the polymer is another important parameter that needs to be examined carefully for proper functioning of conjugated polymer. Mobility of electron throughout the lattice structure of regioregular conjugated polymer is enhanced by pi stacking between polymers and hence improvement in the optoelectronic properties is expected. 34 The planarity of conjugated backbone of polymer is disturbed due to steric repulsions in regiorandom polymer. Therefore, charge carrier mobility is decreased and optoelectronic properties of polymer are suppressed. NMR spectroscopy is a wonderful tool to quantify the regioregularity of the polymers. As a typical example, Fig. 3 depicts 1 H-NMR spectrum of P3HT-3. All the characteristic shis are present as labelled. The head to tail (HT) and head to head (HH) arrangement of repeat units in polymer chain can be calculated from characteristic amethylene peaks. 13, 35 The shi in the range of 2.75 to 2.8 ppm is attributed to HT arrangement whereas the peak in the range of 2.5 to 2.6 ppm is due to HH arrangement. The percentage of HH and HT content can be calculated from the relative ratio of the integral of above-mentioned peaks. Optical energy band gap is determined by converting wavelength maximum (nm) into energy (eV), from optical spectrum. 13 Optical spectrum for P3HT-3 coated on ITO glass slide is shown in Fig. 4. 
Theoretical simulations by density functional theory (DFT)
Theoretical simulations reveal that the energy bad gap of electrons compresses with increase in the number of repeat units of conjugated polymer, Fig. 5 . Conjugation length of the polymer chain increases with its chain length that induces variations in the bonding (HOMO) and anti-bonding (LUMO) molecular orbital geometries, Fig. 6 . The increase in the conjugation length of polymer results in an increase in the HOMO energy level while LUMO energy is decreased at the same time. 28 Therefore, the energy band gap decreased with increase in number of repeat units in the conjugated polymer. The band gap of polymer having 12 repeat units is 3.073 eV, large for OSC application. The energy band gap below 1.9 eV is required for improvement of power conversion efficiency. The intense part of solar spectrum is red and near IR that can only be absorbed by polymer having narrow band gap (1.2 to 1.9 eV). 
Selectivity of synthesis parameters
To evaluate the selectivity of various experimental parameters, polymerizations are conducted without stirring/sonication (St./ So.), with stirring (St.) and with sonication (So.), compare P3HT-1, P3HT-5, and P3HT-6 in Table 1 . It can be noticed that sonication during polymerization resulted in highly regioregular and narrowly dispersed polymer. The regioregularity of polymer prepared by polymerization under stirring is better than polymerization without sonication and/or stirring. The reason of improvement in the regioregularity by polymerization under sonication might be attributed to the cavity effect due to which molecules are uniformly dispersed in reaction mixture. The effect of concentration of monomer is evaluated by synthesizing P3HT using two different concentrations while keeping other conditions alike, P3HT-5 and P3HT-7. As expected, the molar mass of the polymer synthesized using higher initial concentration of the monomer is higher than the other. This augmentation in the molar mass can be attributed to increased effective collision between the reacting species. Hence, initial concentration of the monomer can be utilized as an effective tool to control the targeted molar mass. However, no signicant effect of monomer concentration is noticed on regioregularity. The current results endorse the previous report that regioregularity is not really effected by monomer concentration provided concentration is below 0.5 M. 22 As a next step, energy band gaps are compared as a function of molar mass for the polymers prepared under similar conditions, P3HT-5 and P3HT-7. Energy band gap decreased with increase in the molar mass, endorsed the theoretical calculations. The reason of decreased energy band gap might be the increased conjugation length of higher molar mass polymer.
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External electric eld (EEF) can maneuver the orientation of radical/growing chain and has been employed for synthesis of regioregular polymers of various types. [23] [24] [25] However, synthesis of P3HT has never been reported under inuence of external electric eld. The schematic diagram of experimental setup is shown in Fig. 7 . EEF has been applied between two metal plates placed 1 cm apart from each other. The regioregularity (head to tail content, HT) of the P3HT synthesized under EEF improved signicantly as a function of voltage applied. The most signicant effect on the regioregularity is observed from no external eld to application of external electric eld of 100 V, 57 to 75%, compare P3HT-1 to P3HT-3. Application of stronger electric eld (1000 V) does not have any additional signicant effect on the regioregularity, compare P3HT-1 to P3HT-4. The effect can be attributed to alignment of cationic radicals under EEF. During polymerization rst monomer (3-hexylthiophene) is converted into cationic radical by the transfer of electron to Fe 3 . All the cationic radicals formed are aligned due to constant electric lines of forces passing through the reaction mixture. Hence cationic radicals are coupled with each other in head to tail orientation.
Mechanism of polymerization under EEF
In this context, three already proposed mechanisms are evaluated for polymerization under inuence of EEF; radical mechanism, carbocationic mechanism and radical cationic mechanism. First possible mechanism could be radical initiated, FeCl 3 is insoluble in chloroform (polymerization solvent) and therefore it must provide its active surface for monomer. Monomer upon reaching the surface of FeCl 3 transfers one of electron to the iron(III) and converts it into radical cation. Elimination of hydrogen from the ring in the form of hydrogen radical results in formation of monomer radical. Therefore, there can be four species present in the reaction system; neutral monomer, cationic radical, the monomer radical on 5 th carbon, and the monomer radical on 2 nd carbon. The rst assumption could be higher electron density on second carbon of the neutral monomer, Scheme 2A. Each radical carbon is coupled with the 2 nd carbon of neutral monomer leading to both head to head (2 nd carbon to 2 nd carbon) and head to tail (2 nd carbon to 5 th carbon) dimmers, with varying probabilities. Quantum mechanical calculations reported by Amou et al. revealed that radical at 5 th carbon is energetically more stable. Therefore, probability of head to tail coupling is higher. 22 However, polymerization proceeds among neutral species by proposed mechanism therefore EEF will not have any effect on the polymerization process.
Carbocationic mechanism of the oxidative coupling of monomer with FeCl 3 is proposed by Andersson et al. 21 They used 3-(4-octylphenyl)thiophene monomer, a mono-substituted thiophene derivative. They argued that only carbocation mechanism is responsible for coupling in strong oxidizing environment, Scheme 2B. The improvement in the regioregularity is also reported by slow addition of monomer solution in the suspension of FeCl 3 . The dipoles of carbocation formed during this mechanism cannot align properly under EEF, therefore, EEF will not have any effect on the polymerization process.
In this context, Barbarella's group proposed radical cationic mechanism by quantum mechanical calculations for oxidative coupling of monomer with FeCl 3 .
37 A mono-substituted thiophene derivative, 3-(alkylsulfanyl)thiophene has been used as monomer. Stable radical chains with increasing conjugation length during polymerization are proposed. The cationic radicals obtained by oxidation of monomer get coupled in head to tail (HT) orientation. Ionic polymerization mechanism leads to the formation of ions during reaction. 25 The ions follow the laws of electrochemistry such as molecular alignment of dipolar species under EEF. Since radical cations (charged species) are dipolar and they can be aligned under EEF that results in increased probability of HT couplings. The mechanism justies the experimental results of increased regioregularity of the polymers synthesized under inuence of EEF.
Consequently, an improved regioregularity can be obtained by application of EEF to the oxidative coupling of 3-hexylthiophene with FeCl 3 . Regioregularity is also enhanced by sonication, hence, synthesis under EEF with sonication could have synergic effect for improvement of regioregularity. The method provides an economical way for synthesize a P3HT with improved regioregularity because it requires low-cost catalyst, ferric chloride (FeCl 3 ) and few synthetic steps. Furthermore, not much purication steps are required. Furthermore, polymerization temperature may also play vital role for enhancement of regioregularity. In this study, the polymerizations were conducted at room temperature. Decrease in reaction temperature might result in improved alignment of cationic radicals, however, reaction rate might be slow. The experimental and theoretical evidences presented in this study shall open new possibilities for regioselective synthetic chemistry.
Spectroelectrochemistry, cyclic voltammetry and optical spectroscopy, of P3HT was carried out to study electrical and optical energy band gap of solid thin lm. voltammogram of P3HT-6 is shown in Fig. 8 . Voltammogram shows characteristic peaks and similar electrochemical behavior of P3HT as described in the literature. 38 Absence of oxidation at 0 V is conrmed by no current at this potential (yellow line). Maximum current is observed at anodic peak potential (violet line) that conrms oxidation of most of the repeat units. The onset potentials (blue lines) of oxidation and reduction are 0.85 V and À1.11 V versus Ag/AgCl, respectively. Electrons are released from the p bonds of thiophene rings in P3HT during oxidation. The homo p-electrons are present in the HOMO energy level and the onset potential required for their oxidation may correspond to the HOMO level. On the other hand, reduction onset potential may correspond to LUMO level because electrons are added to the LUMO. 39, 40 The obtained electrical energy band gap was 1.96 eV. The optical energy band gap corresponds to the excitation of electrons from HOMO to LUMO, which is found to be 2.46 eV for the same thin lm of P3HT. 
p-Doping for reduction in energy band gap
To study the effect of p-doping on energy levels and band gap, three doping potentials were selected from the cyclic voltammogram of P3HT-6, Fig. 8 . The potential of 0.00 V was selected to make undoped polymer lm because no current was observed at this potential. Hence, no oxidation occurred and holes (vacancies) are not produced. Optical spectrum of undoped polymer lm showed an optical band at 505 nm ($optical band gap ¼ 2.46 eV), Fig. 9A . The partially doped polymer lms were made at a potential of 1.00 V. Half of the peak current was observed at this potential. Two broad bands at 491 nm ($optical band gap ¼ 2.53 eV) and 817 nm ($optical band gap ¼ 1.52 eV) were observed for partially doped lm, Fig. 9B . The band shi is attributed to the partial p-doping of the polymer lm. It is assumed that partial doping generated many vacancies (or holes) in HOMO energy level of the conjugated system. Increased holes in HOMO energy level resulted in compressed band gap. 41 Several conjugated p-electrons remained at the same energy levels due to only partial doping, therefore, only slight shiing of optical band is observed. However, the broader distribution of optical band can be noticed by the change in the absorption. Highly doped polymer lms were made by selecting 1.25 V potential. Highest current was noticed at this potential in the cyclic voltammogram. Optical spectrum of highly doped polymer lm exhibit two optical bands at 451 nm ($optical band gap ¼ 2.75 eV) and 816 nm ($optical band gap ¼ 1.52 eV), Fig. 9C . High potential led to oxidation of more thiophene rings, hence, a new peak is generated at higher wavelength due to increase in HOMO energy. 38 The absorption of broader region of optical spectrum by donor material is advantageous in context of efficiency of OSC. In summary, we tried to evaluate effect of several parameters such as molar mass, regioregularity, and p-doping for improvement of the donor material, P3HT, in context of OSC. Especially important nding of this study is polymerization of 3HT under inuence of EEF for improvement of regioregularity of P3HT.
Conclusion
Efficient donor regioregular P3HT is the fundamental requirement for the better performance of OSC. The synthesis of P3HT by oxidative coupling method suffers from lesser control over molar mass and regioregularity. In this study, we tried to develop protocols for improvement of regioregularity and energy band gap of P3HT synthesized by cost-effective oxidative coupling method. The work is focused on varying different synthetic parameters for better performance of P3HT as donor material of OSC. Initial concentration of monomer has been used to control the molar mass. Narrowly dispersed polymers and higher regioregularity was achieved by polymerization under sonication. Theoretical calculations have shown that energy band gap should decrease with increase of the conjugation length (molar mass) of polymers. The theoretical predictions were endorsed by experimental results. The most important nding of this research is polymerization of 3HT under EEF. This particular aspect has never been addressed before especially for 3HT. The regioregularity of P3HT synthesized under EEF has improved signicantly. p-Doping has also proved to be an excellent approach to attain a broader optical band that results in more absorption. New energy states can be created in P3HT by p-doping. The research presented in this study opens new possibilities for improvement in the efficiency of the most widely employed donor material for OSC, P3HT.
Conflicts of interest
Authors declares no conicts of interest.
